Abstract: The multi-photon counting capability of the Visible Light Photon Counter (VLPC), along with the process of parametric downconversion, is used to experimentally generate photon number States ContGning 1,2,3 and 4 photons with high fidelity. [3] ), but, although these sources are very promising, the extenSion of their principle of operation to generate higher order photon number states remains a difficult problem.
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In this work, we use the nonlinear process of parametric downconversion (PDC) in conjunction with a photon number detector, the Visible Light Photon Counter (VLPC), to generate photon number states. In nonallinear degenerate PDC, a pump photon splits into hvo photons of lower and equal energy that propagate in different directions, the signal and the idler. Since these photons always come in pairs, if a photon counter is placed in front of the signal a h and detects one photon, the comsponding idler arm is prepared in a state containing only one photon by the projection postulate of quantwn mechanics. The above scheme can be exfended to the generation of higher order number states, as long as the photon counter has the ability to determine the exact number of photons in the signal arm within the short time duration of the pump pulse. Contrary to conventional silicon avalanche ptiotodiodes, the VLPC has been shown to h v e the capability to distinguish different photon number states with high quantum efficiency, due ma$y to its large active area and low multiplication noise [4, 5] . As a result, the output pulse height can be used.to deternune the number of detected photonS. In our experiment, the signal and idler waves both have a visible wavelength of 5 3 2 m and two VLPC's are us&, both cooled to the opti@ tem$emture of 6-7K. The first (VLPC 1) is the triggering detector, which detects the number of photons generated in the signal arm on a given laser pulse. Its output pulse height is discriminated 6y a single channel analyzer, which triggers the second VLPC (VLPC 2), placed in the idler arm and used to verify that the correct photon number state,was generated. Both detectors have imperfect detection efficiencies. The efficiency of VLPC 2 is corrected for using a simple linear loss model. The efficiency of VLPC 1 plays a more subtle role, since detection los& can result in a higher order photon number state being misinterpreted by the detector as th+ correct photon number, whicli leads to a degraded fidelity of the generated state. This effect is more pronounced when the pump k w e r is increased, because the probability of generation of higher order states is increased as well. On the other hand, high pump p6wers l e d to higher generation rates for the desired states, which means that there is F i g k l a shows the photon number distributions measured by VLPC 2 when VLPC 1 post-selects a 1,2,3 and I photon event. Figure l b demohtrates the ptevi.bnsly discussed trade-nff. We observe that large enough for practical purposes generation rates can be achieved for reasonable fidelities.
